Anatomical disconnection of the ventral hippocampus (VH) and medial prefrontal cortex (mPFC) impairs the renewal of extinguished fear in rats. Here we examined whether subpopulations of neurons in the VH that project to the mPFC, including the prelimbic cortex (PL) and infralimbic cortex (IL), are selectively or differentially engaged by the renewal of fear to an extinguished auditory conditioned stimulus (CS). Rats were ipsilaterally injected with two distinct fluorescent retrograde tracers into the IL and PL and then underwent fear conditioning, extinction and retrieval in distinct contexts. Ventral hippocampal neurons were found to project to both IL and PL, and a small number of neurons projected to both regions. Fos expression was similarly elevated in each subpopulation of mPFC-projecting neuron in animals tested outside the extinction context relative to those tested in the extinction context or home controls. Interestingly, this pattern of results is not consistent with circuit models suggesting a differential role for VH projections to PL and IL in the bidirectional regulation of fear expression after extinction. Rather, these data suggest that projections from the VH to both PL and IL are uniquely involved in fear renewal, but not the suppression of fear after extinction. VH neurons may drive fear renewal by fostering fear expression by exciting PL while limiting fear suppression by inhibiting IL.
Introduction
In recent years, considerable effort has been focused on understanding the neural mechanisms of extinction due to its essential role in clinical interventions, such as exposure therapy (Maren, Phan, & Liberzon, 2013; Quirk & Mueller, 2008) . During extinction, repeated presentations of the conditioned stimulus (CS) gradually decrease the conditioned fear response (CR), including freezing behavior. As a result, CS no longer produces fear responses at the end of extinction learning. However, substantial evidence suggests that extinction does not erase the fear memory; rather, it generates a new inhibitory memory that competes with original fear memory (Bouton, 1993 (Bouton, , 1994 . Importantly, the extinction memory is highly context-dependent insofar as it is only expressed in the context where extinction occurred. If animals encounter an extinguished CS outside of the extinction context, fear returns or relapses and this phenomenon is called ''renewal" (Bouton & Bolles, 1979) . Fear renewal is a major challenge to therapeutic interventions for trauma and stress-related disorders, including post-traumatic stress disorder (PTSD) (Goode & Maren, 2014; Vervliet, Craske, & Hermans, 2013) .
Considerable work has revealed that the hippocampus plays a crucial role in the context-dependence of fear memories after extinction (Fanselow, 2010; Gershman, Blei, & Niv, 2010; Komorowski, Eichenbaum, & Manns, 2009; Maren et al., 2013; Redish, Jensen, Johnson, & Kurth-Nelson, 2007) . For example, pharmacological inactivation of the hippocampus impairs the renewal of fear indexed both behaviorally and neurally (Corcoran & Maren, 2001 , 2004 Hobin, Ji, & Maren, 2006; Ji & Maren, 2008) . Moreover, the medial prefrontal cortex (mPFC) is also critically involved in contextual regulation of fear memory after extinction (Giustino & Maren, 2015; Jin & Maren, 2015b) . For instance, disconnection of ventral hippocampal (VH) projections to the mPFC impairs fear renewal (Orsini, Kim, Knapska, & Maren, 2011) and functional tracing studies indicates that VH-mPFC projections are involved in fear expression after extinction (Jin & Maren, 2015a; Knapska et al., 2012; Orsini et al., 2011) . Interestingly, neuroanatomical studies indicate that the VH projects to both the prelimbic region (PL) and infralimbic region (IL) of the mPFC (Hoover & Vertes, 2007) . PL is believed to play an important role in the
